A heterologous fusion between mouse myeloma cells and rat lymphocytes resulted in the isolation of a rat immunoglobulin M monoclonal antibody with both agglutinating and precipitating activity. Indirect immunofluorescence and direct agglutination tests showed that the corresponding antigen was present in the cell wall of the three Candida species considered to be the most pathogenic, C. albicans, C. tropicalis, and C. glabrata, and also in the cell wall of C. guilliermondii. The antigen appeared to be predominantly polysaccharide in nature. Precipitation by counterimmunoelectrophoresis suggested that the epitope is shared by at least two separate molecules with different electrophoretic mobilities. Presence of this epitope varied from strain to strain within a given species and may be related to the morphological stage in the cell cycle. Antigen was shown to be present in the cytoplasm, in the periplasmic space, and at the cell surface of C. albicans. Indirect immunofluorescence also suggested that antigen is excreted from the cell.
The study of antigenic variability of the opportunistic pathogen Candida albicans has revealed the complexity of antigen expression by the organism (13, 20, 22) . Further understanding of the pathogenicity of C. albicans may be gained by the use of monoclonal antibodies, which enable us to follow the variation in expression of a given antigen in relation to the growth phase and to the strain of yeast. Several such studies using monoclonal antibodies produced against cell wall and cytoplasmic antigens of C. albicans were performed (2, (5) (6) (7) 21 ; T. M. Kerkering and A. EspinelIngroff, Abstr. Annu. Meet. Am. Soc. Microbiol. 1983, F41, p. 389), although these have only concerned antigens produced in vitro. No study to date involved monoclonal antibodies prepared against antigens of C. albicans produced exclusively in vivo in the pathogenic phase of growth. This is owing mainly to the difficulties in obtaining anti-C. albicans cell wall antibodies in mice after experimental infection (26) , mice being the species of animal used in most laboratories for obtaining hybridomas.
In this study, after several unsuccessful attempts using mice, these problems were overcome by inducing experimental infections in Lou rats (3) . The infected rats were found to produce a humoral response similar to those observed in humans and rabbits (15) , the serum obtained reacting at different titers against various strains of Candida by indirect immunofluorescence (IF). Subsequent problems were encountered with the fusion, however, and all fusions performed between rat lymphocytes and the homologous rat myeloma cells were unsuccessful. An attempt at a mixed fusion between rat lymphocytes and mouse myeloma cells (19) resulted in several stable hybridomas. This work describes the reactivity and characteristics of a monoclonal antibody secreted by one of these stable heterogeneous hybridoma cell lines.
Organisms. Animals for antibody production were inoculated with a cloned strain of C. albicans serotype A, previously defined as being rich in P antigens (qualitatively or quantitatively variable antigens or both expressed preferentially by the pathogenic phase [15] ). This strain (VW.32) has been used as the reference strain by our laboratory for several years (13) .
The other yeast strains used to study the distribution of the antigen were as follows: (i) five C. albicans strains: 995 and 3153 (serotype A) and 996, L, and 3156 (serotype B); (ii) six Candida species other than C. albicans: three isolates of C. tropicalis (Ctl.7, Ct2, and CtV), C. krusei (one strain), C. parapsilosis (one strain), C. pseudotropicalis (one strain),C. guilliermondii (one strain), and C. glabrata (one strain); and (iii) one strain of Saccharomyces cerevisiae (861). The origin of all strains and their serological reactivities against sera from patients and experimental animals with systemic candidiasis and polyclonal monospecific antisera were described elsewhere (15) . Only CtV and S. cerevisiae were new strains, which were isolated from human feces in our routine mycological laboratory.
Inoculation of animals. Male Lou rats (7 to 8 weeks old) were injected intravenously with 105 live C. albicans blastoconidia and given booster doses of 5 x 105 blastoconidia 21 and 42 days after the initial injection. At 3 days after the final injection, the rats were bled and antibody production was determined by IF with unfixed VW.32 blastoconidia as the antigen. At 4 days after the final injection, rat spleens were aseptically removed from animals producing antibodies and used for the fusion.
Cell fusion and culture. The rat spleen was gently homogenized and then washed. Unfractionated cells were fused with myeloma cells of the BALB/c mouse SP20 cell line (19) by the method of Galfre et al. (8) Selection of the antibody-secreting hybridomas was performed by IF. Preliminary screening was performed by using VW.32 germ tubes as the antigen. Wells positive on the preliminary screening were tested by IF against different growth forms of the various yeast strains in our collection to determine the distribution of the antigen. The agglutinating activity of the antibodies was determined by direct agglutination (DA), and their ability to precipitate was determined by counterimmunoelectrophoresis (CIE).
Purification of the monoclonal antibody and isotype determination. The monoclonal antibody was purified from culture supernatants by affinity on an anti-rat kappa immunosorbent column (4) . Antibody isotype was determined by IF with chain-specific fluorescein-conjugated anti-immunoglobulins sera (Nordic; Tebu S. A., Versailles, France; Zymed; Biosoft, Paris, France) and was subsequently confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified immunoglobulins (17) .
In vitro antigens. (i) Blastoconidia. Each of the strains studied was grown on Sabouraud dextrose agar for 24 h at 37°C. The cells were harvested, washed twice in phosphatebuffered saline (PBS) (pH 7.2), carefully separated on a vortex mixer, and adjusted to a concentration of 5 x 106 cells per ml of PBS. Drops of this suspension were placed in the wells of IF test microscope slides (Bio-Merieux, Lyon, France). Dried microscope slides were individually packed and stored at -30°C for up to 3 months.
(ii) Germ tubes. A 50-1.l portion of a suspension of 109 C. albicans blastoconidia per ml from a 24-h culture grown on Sabouraud dextrose agar at 37°C was added to 10 ml of tissue culture medium 199 (Eurotroph; Eurobio, Paris, France) and incubated for 2.5 h at 37°C. Under these conditions at least 90% of the blastoconidia produced germ tubes and a few clumps could be observed microscopically. The germ tubes were gently vortexed, washed three times in PBS, and adjusted to a concentration of 106 elements per ml. Drops were deposited on IF slides and dried as previously described (15) .
(iii) Lowicryl sections. Blastoconidia and germ tubes prepared as described were also processed by using a method generally used for ultrastructural immunocytochemistry (1, 16) . Cells were fixed in 4% paraformaldehyde-0.5% glutaraldehyde in PBS for 2 h at room temperature and washed three times in PBS. The fixed cells were treated with 50 mM NH4Cl in PBS for 1 h and embedded at -35°C in an acrylate-methacrylate mixture (Lowicryl k4M; Chemiste Werke Lowi GmBH, Waldkraiburg, Federal Republic of Germany). This procedure is recommended for a good preservation of the antigenic sites and did not interfere with subsequent immunochemical reactions (16) . Semithin sections of the embedded cells were prepared by using a Reichert OM 10 ultramicrotome and deposited on defatted IF test microscope slides.
(iv) Treated cells. Live C. albicans cells, either blastoconidia or germ tubes, were adjusted to a concentration of 107 organisms per ml and subjected to various physicochemical procedures, resulting in the extraction of antigens from the cell surface. The treated cells were then processed as previously described and used as substrates for IF reactions. Heat, enzyme, and chemical extraction procedures were used.
(i) Heat treatment. Organisms were (i) incubated at 56°C for 30 min in PBS, (ii) boiled for 10 min in PBS, or (iii) autoclaved twice at 134°C for 2 h in citrate buffer as described by Peat et al. (12) for the extraction of cell wall mannans.
(ii) Enzyme treatment. Organisms were incubated in PBS at 37°C for 3 or 24 h with a concentration of 2.5 mg/ml of one of the following enzymes: pronase (Calbiochem-Behring, La Jolla, Calif.), trypsin, and chymotrypsin (Sigma Chemical Co., St. Louis, Mo.). Protoplasts were obtained from germ tubes by treatment with pronase (250 pug/ml) and mercaptoethanol (0.2 M) in 0.005 M Tris hydrochloride buffer (pH 7.4) for 1 h at 37°C followed by cytohelicase (10 mg/ml; IBF, Villeneuve-La-Garenne, France) in 0.6 M KCl for 3 h at 37°C. Protoplast formation was assessed by phase-contrast microscopy. Protoplasts were washed twice in 0.6 M KCl and fixed by overnight incubation at 4°C in 4% formaldehyde in PBS. After two washes in PBS, the protoplasts were deposited on microscope slides and used as substrates for IF reactions.
(iii) Chemical treatment. (i) Organisms were treated for 2 h at room temperature in sealed tubes with a mixture of methanol (1 volume) and chloroform (2 volumes) (methylchloroform) as described for the extraction of lipid-bound cell wall material (14) . (ii) Organisms were treated with 0.1 or 10 mM dithiothreitol (20, 22) In vivo antigens. New Zealand White rabbits (weight, 3 kg) were injected intravenously into the marginal ear vein with 5 x 107 live blastoconidia of either a serotype A (VW.32) or a serotype B (996B) strain. After 4 to 7 days, when the animals showed signs of acute infection, the animals were sacrificed and their kidneys were removed.
The Candida granulomas were either prepared in situ by using a cryostat or removed from the kidney material and gently homogenized to obtain individual fungal elements. Both frozen sections and dissociated fungal cells were used for IF.
IF test procedure. IF assays were performed on the antigens described by using either the hybridoma culture supernatant or purified immunoglobulins at various dilutions. Commercial fluorescein-conjugated anti-rat immunoglobulins were used, either the rabbit anti-rat immunoglobulins (Nordic; Tebu) or the rabbit anti-rat immunoglobulin G (IgG) (H+L) and rabbit anti-rat IgM conjugates (,u-chain specific) (Zymed; Biosoft). The conjugates were used at dilutions ranging from 1/40 to 1/80 in PBS containing Evans blue at a concentration of 1/10,000 to 1/50,000. , previously shown to be highly reactive with sera from patients and animals infected by C. albicans (15) . Bar, 10 ,um.
DA. Hybridoma culture supernatants were used in direct slide agglutination assays (DA). Blastoconidia previously fixed by overnight incubation in 2% (vol/vol) glutaraldehyde in PBS were washed twice in PBS and stored at 4°C. Culture supernatant (20 [l) was added to 20 [L of blastoconidia suspension (108 cells per ml) on a glass slide. The slide was rotated for 2 min on a Kline agitator, and agglutination was read macroscopically.
Precipitin reactions. Precipitation of C. albicans extracts by monoclonal antibodies was studied by CIE on cellulose acetate membranes (12a). The antigen used was a somatic extract of C. albicans prepared by grinding blastoconidia of strain VW.32 with glass powder, including several freezing and thawing steps. This method of antigen preparation is known to retain a large proportion of the cell wall polysaccharides. The antigen was used at a concentration of 25 mg/ml (dry weight), and the hybridoma culture supernatant containing the monoclonal antibody was concentrated 10- fold. Commercial monospecific polyclonal antisera against yeast surface antigens (latron, Inc., Tokyo, Japan) (23) were run simultaneously with the monoclonal antibody to look for immunological identities.
RESULTS
The heterologous fusion between rat spleen cells and the mouse myeloma cells (SP20) resulted in several antibodysecreting hybridomas. The clone described here has been designated 5B2. The monoclonal antibody secreted by this clone was identified as a rat IgM isotype after IF with specific conjugates. This was subsequently confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified immunoglobulins.
Distribution of the antigen within species, genus, and growth forms. Preliminary screening of the antibody on germ tubes of strain VW.32 revealed a fluorescence distributed, for the majority of the cells, on the periphery of the mother blastoconidia and on the distal tips of the germ tubes (Fig. 1) . Similar reactivity was noted on the other strains of C. albicans tested irrespective of serotype. By comparison, one strain of C. tropic alis (Ctl.7), which had the ability to produce germ tubes in medium 199, revealed a fluorescence over the whole surface of the mother cell and germ tube (Fig.  2) which was more intense than that observed on the homologous strain (VW.32).
Of the yeast strains tested by IF, only blastoconidia of the species C. albicans, C. tropic alis, C. glabr-ata, and C. giiillierrnondii were labeled with the monoclonal antibody.
Blastoconidia gave a heterogeneous reaction depending on the strain of yeast and, for a given strain, the batch of antigen. Generally, up to 10% of the cells on the slides were unlabeled. The mother cell was usually preferentially labeled when the cells were budding (Fig. 3 and 4) , although in some instances it was the bud which was preferentially labeled. A similar reaction was seen for C. albicanis strains grown in vivo; both fungal cells isolated from granulomas (Fig. 5) and Candida cells in infected rabbit kidney sections ( Fig. 6a and  b) showed a heterogeneity in labeling.
DA. Monoclonal antibody 5B2 agglutinated various strains of Candida very strongly. The spectrum of agglutinating activity of blastoconidia grown on Sabouraud dextrose agar confirmed the distribution of the antigen observed by IF.
Precipitin reaction. CIE with hybridoma culture supernatants concentrated 10-fold demonstrated the ability of the monoclonal antibody to precipitate when run against a somatic antigen of strain VW.32. Co-CIE performed with 5B2 and with serum taken from the rat before fusion demonstrated that the rat serum contained precipitating antibodies with two major specificities (shown by strong, welldefined precipitin lines). The monoclonal antibody, on the other hand, corresponded with a minor precipitin system in the serum of the infected animal (Fig. 7a) . Co-CIE performed with monospecific polyclonal antisera produced against cell wall antigens (latron) revealed a reaction of identity with the anti-antigen 1 and anti-antigen 4 antisera of the classification system of Tsuchiya et al. (25) (Fig. 7b) formed two precipitin lines (Fig. 7c) , suggesting that the epitope recognized by this antibody is carried on at least two different molecules with different electrophoretic mobilities.
Preliminary characterization and localization of the antigen. Germ tubes of strain VW.32 were treated by various chemical and enzymatic extraction procedures to denature components in their cell wall, and the reactivity of the cells after treatment was determined by IF. The antigen recognized by the monoclonal antibody appears to be predominantly polysaccharide in nature. The antigen was not denatured when the cells were subjected to mild heat treatment (56 or 100°C); it was only affected by harsher treatment, such as that used for the removal of cell wall mannans. The antigen was unaffected by dithiothreitol or proteolytic enzymes and was not released from the cell wall by methylchloroform.
Protoplasts produced from germ tubes showed a discrete fluorescence in the region of the plasma membrane (Fig. 8), demonstrating that the antigen recognized is not unique to the superficial cell wall layers. Fixation of the protoplasts before IF may prevent antibodies from penetrating through the plasma membrane and revealing antigen deeper within the cytoplasm itself. Possible cytoplasmic localization of the antigen was therefore investigated by performing IF reactions on ultrathin sections of germ tubes embedded in a hydrosoluble resin. The results confirmed the distribution of the antigen in the peripheral cell walls layers and in the region of the plasma membrane but also showed some discrete areas of reactivity within the cytoplasm itself, possibly corresponding to cell organelles. A great heterogeneity in reactivity was noted between cell sections, as previously observed between unfixed whole cells. observed in a halo around the germ tubes and blastoconidia, whereas the background further away was unlabeled (Fig.  9 ). This distribution is compatible with the release of cellular components into the PBS surrounding the cells during preparation and drying of the slides for IF.
DISCUSSION
After the application of hybridoma technology to the study of C. albicans antigens, interesting observations on the variation of antigen expression by this organism were reported (5) (6) (7) . In all studies performed to date, however, monoclonal antibodies were prepared only against the in vitro phase of C. albicans by immunizing the animals for fusion with either heat-killed cells (5) better adapted to parasitism: C. albicans, C. tropicalis, and C. glabrata (10) . The ability of 5B2 to bind also to C. giiilliermnondii revealed an antigen distribution strongly resembling that of antigen 4 in the classification system of Tsuchiya (23, 25 on January 11, 2018 by guest http://iai.asm.org/ Downloaded from nonsuperficial antigens may remain and be revealed by precipitation against a somatic extract. When experimental conditions were varied, the monoclonal antibody produced two precipitin lines in CIE. This suggests that the epitope may be carried by at least two molecules (with protein moieties large enough to confer electrophoretic mobility). A glycoproteic nature of the antigen seems in fact probable, since glycoproteins represent the great majority of yeast antigens (13) . Structural polysaccharides are linked very strongly to proteins during their synthesis in the cytoplasm and at the cell surface (11); conversely, cell proteins, like enzymes, are known to be glycosylated during the early stages of their synthesis in the cytoplasm (18) .
Differences in surface expression of the antigen between strains of the same species was observed by DA. In the same way, IF reactions performed on cells of a given strain revealed the same heterogeneity in reaction, which cannot be related to the precise morphological stage of the cells in the cell cycle. IF reactions performed on semithin sections of cells demonstrated a similar heterogeneity in staining under the cell surface, some cells being completely devoid of any labeling. Labeled cells revealed the presence of the antigen in discrete zones in the cytoplasm and at the region of the plasmalemma or periplasmic space as well as at the cell surface. This distribution would appear to be one of excretion (24) , the timing of which is intricately related to the cell cycle. This excretion was demonstrated by the distribution at close proximity to the fungal cell of fluorescent particles (Covaspheres) coupled to 5B2. As the monoclonal antibody 5B2 was obtained after an experimental infection, it seems likely that if the same process occurs in vivo we may have at our disposal a specific antibody for the detection of circulating antigen (9) during systemic candidiasis. This has been confirmed by preliminary results from experiments now in progress.
